Glycohemoglobin, also known as hemoglobin (Hb) 
Introduction

Hemoglobin (Hb) consists of four polypeptide chains, each containing one heme group. The major Hb found in healthy adults is hemoglobin A (HbA), consisting of two α chains (each with 141 amino acids) and two β chains (each with 146 amino acids) (1). HbA1c is characterized by irreversible non-enzymatic glycation at one or both NH2-terminal valines of the β chains (1). HbA1c is used to evaluate long-term control in patients with diabetes mellitus and most accurately reflects the previous 2-3 months of glycemic control. Because HbA1c has been shown to be directly related to the risk of diabetes complications, as demonstrated in the Diabetes Control and Complications Trial
and the United Kingdom Prospective Diabetes Study (3) Hi g h p e r f o r ma n c e l i q u i d c h r o ma t o g r a p h y ( HP L C) p a t t e r n o f a c o n t r o l s u b j e c t ( a ) ,  c a s e 1 ( b ) , a n d c a s e 2 ( c ) . T h e a r r o w i n d i c a t e s t h e Hb A1 c p e a k f o r t h e c o n t r o l s u b j e c t ; s i mi l a r p e a k a l y z e d b y I mmu n o a s s a 
F i g u r e 3 . Ho mo z y g o u s mu t a t i o n o f t h e n u c l e o t i d e s e q u e n c e a t c o d o n 2 6 o f t h e β g l o b i n g e n e .
performed using an automated analyzer (JCA-BM 2250; JEOL Ltd., Tokyo, Japan) yielded HbA1c values of 7.8% and 5.7% for cases 1 and 2, respectively. Because of the liver cirrhosis and the patient's poor adherence to insulin treatment, significance of the fasting glucose and glycated albumin (GA) values as a monitor for glycemic control was lim-
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Discussion
HbE is the second most common abnormal Hb, after sickle-cell hemoglobin (HbS), and is the most common Hb variant in South-East Asia, especially among the Thai population (7, 8). Thailand and Myanmar have an overall prevalence of HbE of around 14-15%. The gene frequency in Thailand varies from 8% to 50-70%, with the highest values seen in North-eastern Thailand (8). Because of the large number of immigrants from South-East Asia living in Western countries, this Hb variant is now frequently found worldwide. HbE is caused by the substitution of glutamic acid with lysine in codon 26 of the β globin gene. This mutation also activates a cryptic mRNA splicing site, resulting in the reduced synthesis of the β-E chain and leading to a thalassemia phenotype. HbE has a weakened α/β interface, leading to some instability under conditions of increased oxidative stress. Homozygotes for HbE may be mildly anemic, but such patients do not have any clinical disfunction and physicians may be unaware that their patients have this kind of variant (9).
There are more than 30 different glycohemoglobin assay methods, but these methods are all based on two general principles (10, 11) . The first group of methods, which includes cation-exchange chromatography and electrophoresis, separates glycated from nonglycated hemoglobin components based on differences in their net charges. The second group of assays exploits variations in structure related to the presence of the attached glucose; these assays include immunoassays and boronate affinity chromatography (12) . Although most hemoglobinopathies are clinically silent, some of them do cause biochemical aberrations that can interfere with HbA1c assays (13) . Such interference can cause results that are falsely increased or decreased, depending on the particular method of assay and the form of hemoglobinopathy. The effects of Hb variants on HbA1c values determined using HPLC have been evaluated previously (14) (15) (16) (17) , and Hb variants that cannot be separated from HbA or HbA1c will produce spuriously increased or decreased results on ion-exchange HPLC assays (12 
